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Executive Summary
T h i s interim report describes the nature of, and early results f r om, geochemicalcharacterization, investigation drilling and drill hole instrumentation for f o u r mine wasterock p i l e s at the Questa mine, New Mexico. The investigations were made in partialsa t i s fac t ion of Tasks 1.3,1.4 and 1.5 of the f i r s t phase of a waste p i l e geotechnical andgeochemical characterization program that was committed to by Molycorp , Inc. in asubmittal t o NMED dated July 31,1998.
The investigation comprised drilling of 9 holes using a top hammer driven doub l e walledcasing (6" ID, 9" OD) to d e p t h s of between 60 and 125 ft. in the S p r i n g , Sugar ShackSouth and West and C a p u l i n waste rock pile s . The drill rig was selected to allowrepresentative sampl ing of up to 6" diameter waste part ic le s , minimizing crushing andsize reduction during d r i l l i n g . Drill holes were general ly located near the base, at midheight and top of p i l e s to investigate the geotechnical and geochemical conditions at alllevels within the pile s . H o l e s were d r i l l e d until they jus t penetrated f o u n d a t i o n soils orbedrock. S a m p l e s were co l l e c t ed, each representing 5 ft of advance. The holes wereinstrumented by i n s t a l l i n g thermisters (to measure temperature), pore gas s a m p l i n gtubes (to measure oxygen and carbon dioxide content) and with a perforated casing toallow water sampl ing (if encountered) at the p i l e b a s e / f o u n d a t i o n soil contact.
One set of temperature measurements has been made but, as yet, no gas s a m p l i n g hasbeen per formed. The samples were subjected to laboratory tests to determine paste pH(ind i ca t ing the current acidity condit ion of the waste, and the location of the acid f ront s inthe p i l e s) , paste conductivity (indicating the quantity of soluble salts in the waste, and thepotential contaminant load in leach waters) and moisture content (indi ca t ing the moisturecontent of the waste and hence provid ing an indicat ion of the drying e f f e c t s in variouszones in the p i l e ) . A d d i t i o n a l te s t ing (both static and kinetic ARD tests) is still to becompleted to fully characterize the nature and l i k e l y kinetic fu tur e behavior of the wastes.The testing completed to date provides an indication of current conditions.
At this time this information can be used to draw initial conclusions re la t ing to f o u rquestions of interest:
1. What are the geotechnical and geochemical characteristics of the waste atd e p t h in the piles?
The geotechnical characteristics of the waste p i l e s are such that there is typ i ca l lysegregation down the dumped s lope s resul t ing in a boulder layer (coarse waste withhigh air permeab i l i ty) at the base of the p i l e s and a zone with greater f i n e s near theupper d u m p i n g p l a t f o r m . The coarse base layer serves as both a high permeabi l i ty f l o wchannel for air and as a suction break layer between the f o u n d a t i o n soils and the f i n e rgrained wastes higher in the p i l e .
The current acidic condition of the p i l e s is d e f in ed by the paste pH of the samples. Onedrill hole p r o f i l e (WRD-1 in lower S p r i n g p i l e ) , in ap l i t e rock waste, is entirely neutral (andacid consuming). Three of the drill holes (WRD-5 in Sugar Shack South p i l e , WRD-6and 7 in Sugar Shack West pile) have substantial acidic zones of mixed volcanics at thetop of the p i l e s but the lower zones are neutral and acid consuming. Two of the drill
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holes (WRD-3 and 4 in Sugar Shack South p i l e ) have some depressed pH zones but areneutral or acid consuming at the base. Three of the drill holes (WRD-2 in upper Springp i l e and WRD-8 and 9 in C a p u l i n p i l e ) are primari ly in mixed volcanics and tuffs andacidic for their entire depths .
The temperature p r o f i l e s indicate no temperature rise in the drill hole that has no acidgeneration. All other holes show some increase in temperature with the greatestincreases in temperature being observed in holes higher up the p i l e s l ope , and at thebase of the p i l e at each drill hole location. T h i s clearly indicates rising heat in the airpermeable coarse base zone.
The moisture conditions in the p i l e s indicate fairly dry conditions near the base of mostp i l e s with all f o u n d a t i o n drilling y i e l d i n g dusty cuttings. No water was encountered at thep i l e / f o u n d a t i o n soil or bedrock interface. The moisture content was higher in the p i l e s athigher elevations, and increased at higher elevations in the same p i l e !
The downward percolation in p a r t i a l l y saturated p i l e s occurs mainly as a slow downwardmigration of the pore f l u i d s in response to pore tension release (by i n f i l t r a t i o n ) at thesurface. Discrete channel f l o w in such 'dry' p i l e s is expected to occur only near thesurface. The acidic condition at the base of the p i l e d e f i n e s the potential for acidicdrainage f rom the base of the p i l e . If the base of the p i l e is a lkal ine then any downwardpercolating acidic drainage will be neutralized before exiting the pile. The pH of thewastes near the base of the p i l e therefore determines the pH of drainage from the p i l e .Two conditions must occur for acidic drainage from the base of the p i l e:

1. The pH in the seepage path at the base of the p i l e must be acidic, and2. There must be active downward migration of the acidic fluid (transportmechanism).
2. What are the acidic conditions near the base of the p i l e s Invest igated?
From the paste pH p r o f i l e s it is apparent that the base of the p i l e s are acidic only at thelocations of WRD-2 in upper S p r i n g p i l e , WRD-8 and 9 in C a p u l i n pi le .
3. Does a transport mechanism exist In the p i l e s Investigated?
The temperature p r o f i l e s and low moisture content near the base of the p i l e s appears toindicate that there is a substantial drying e f f e c t occurring as a result of air movementthrough the piles. WRD-8 in Capul in p i l e is the only drill hole p r o f i l e which does notshow marked drying towards the base. T h i s hole also has the highest average moisturecontent. C a p u l i n p i l e is the only p i l e from which toe seepage is observed. T h i s seepageyield may be the result of seepage from the p i l e as a consequence of: (a) the highelevation of the p i l e i t s e l f , which experiences higher precipitation and inf i l trat ion: (b) alower evaporation rate re sul t ing from the general ly f i n e r grained (less air permeable)waste in this p i l e . It could also be sub s tant ia l ly due to natural springs di scharging belowthe p i l e . Such springs are observed at the same elevation as the p i l e , emergingadjacent to the p i l e and also emerging into the pit on the opposi te side of the ridge f romthe p i l e .
Based on the pre l iminary in format ion available f rom this s tudy, it is our opinion that p i l ezoning and air movement through the p i l e s is having a substantial e f f e c t on the potential
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for leaching from the p i l e s and should be investigated fur th er in order to optimizereclamation measures.
4. What are the issues of concern relating to r e s l o p l n g of the Questa waste piles?
The t o p o g r a p h y on which the majori ty of the p i l e s have been placed at Questa is steep,resulting in many of the p i l e s being very high but with a shallow d e p t h of waste rock.T h i s geometry increases the potential for 'chimney 1 e f f e c t s in the p i l e s , which increasesthe potential for air-drying within the pi le s . It also makes it difficult, and sometimest e chnica l ly in f ea s i b l e , to reslope the pi le s .
In addi t ion to concerns regarding the space available for r e s l op ing there are two issuesthat are apparent as a result of the present geotechnical and geochemical investigation.The f i r s t is that the conventional (practical and economic) method of re s loping a p i l e , bypush ing material down from the top, would generally result in acid generating f i n e mixedvolcanic waste being pushed down from the upper p i l e benches over the non acidgenerating (acid consuming) coarse apl i t e waste of the lower wrap around benches.T h i s action would increase the potential for acidic surface water run-of f and i n f i l t r a t i o n .Secondly , the pu sh ing down of f i n e waste to cover the coarse waste will reduce the airf l o w through the p i l e s and hence decrease the drying e f f e c t s and increase the potentialfor acidic drainage through the base of the piles.
In order to propose the most e f f e c t i v e reclamation measures, it is necessary to f ir s tcomplete the characterization studies currently underway and proposed by Molycorp intheir July 31,1998, submission to NMED. The implementat ion of r e s l op ing or relocationmeasures without a clear unders tanding of the geochemical characteristics andpropert ie s of p i l e s could result in adverse consequences.
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1.0 INTRODUCTION AND TERMS OF R E F E R E N C E
1.1 Location
The Questa molybdenum mine is located approx imate ly 5 miles east of the town ofQuesta in Taos County in north central New Mexico. The mine property lies within therange of the Sangre de Cristo mountains and is bounded on the south by the Red Riverand on the north by the Cabresto Creek drainage. The proper ty location and main minef a c i l i t i e s are i l lu s tra t ed in Figur e 1.
1.2 Previous Geochemfcal Characterization Stud i e s
The focu s of this study is on a prel iminary investigation of the acid generatingcharacteristics and the current state of acid rock drainage (ARD) from the waste rockp i l e s that were developed during open pit mining performed between 1964 and 1984.T h i s mining resulted in the placement of 328 m i l l i o n tons of waste rock in 9 waste rockp i l e s at the locations shown on F i g u r e 1. The steep mountainous terrain results inunusual ly high p i l e s with relatively shallow deposi t s .
The waste rock contains s u l f i d e s in differing concentrations and some of the waste rockis acid generating. A prel iminary characterization of the waste rock was made in 1995and is reported in:
"Questa Molybdenum Mine: Geochemlcal Assessment", prepared by Steffen,Robertson and Kirsten (USA) Inc. , dated April 13,1995. (SRK, 1995)
That report provides a detailed de scr ipt ion of the site t opography, climate, geo logy andgeochemistry and should be read in conjunction with this report. T h i s earlier studyinvolved only surface s ampl ing and geochemical characterization. It maderecommendations for f u r t h e r investigations to adequately characterize the Questa wasterock pi le s .
A second more extensive surface geochemical and geotechnical characterization studywas performed in late 1995 and the results are provided in:
"Surface Characterization Plan", prepared by Steffen, Robertson and Kirs t en, 1996.(SRK, 1996). T h i s surface characterization has been incorporated into the Section 4 of"Revegetatlon Report for Molycorp, Inc." by AM. Wagner and J.T. Harrington, datedDecember, 29,1995. (Wagner & Harr ing t on , 1995).
The results of that surface geochemical characterization should be read in conjunctionwith this report.

Report No. 052007/1 Robertson GeoConsul tants IncSeptember 13,1999



Interim Report Quests Waste Rock Pile D r i l l i n g . Instrumentation and Characterization Studv

In its submittals to NMED in July 31, 1998, Molycorp undertook to p er f orm addit ionalgeochemical and geotechnical investigations in accordance with the SRKrecommendations. NMED has reviewed these proposed s tudies and concurred subjectto publ ic comments and fur ther assessment. A description of the objectives of thisaddit ional geotechnical and geochemical characterization study is provided in Molycorp'ssubmittal:
"Questa Mine Waste Rock Discharge Plan DP-1055" to NMED dated July 31, 1998.(Molycorp , 1998)
This submittal provides a de tai l ed description of the proposed five-year characterizationand monitoring program. The program is divided into two phases with a number oftasks in each phase.
1.3 Objectives of T h i s S t u d y
This interim report provides a descript ion of the results achieved to date for Tasks 1.3,1.4 and part of subtask i) of Task 1.5 of this program.
In order for Molycorp to deve lop appropr ia t e ARD control measures it is necessary tounderstand:
1. The potential for ARD
2. The kinetics of acid generation of the waste rock types (rates of oxidation and itschange with time)
3. The kinetics of leaching of the waste rock types (nature and s o lub i l i ty ofcontaminants produced during ox idat ion)
4. The oxygen f l u x through the rock pi l e s (how much and where oxygen penetrates intothe p i l e s )
5. The rates of i n f i l t r a t i o n (hence the rates of leaching and acid f l u x driving themigration of the acid f r o n t )
6. The neutralization potential in the anoxic zones in the p i l e (to determine the rate ofmigration of the acid f r o n t )
There are a number of site s p e c i f i c conditions at Questa which are unusual (with respectto the development of ARD control measures) which make it necessary to clearlyunderstand the kinetics of ARD in the p i l e s for designing and app ly ing ARD controlmeasures. These are:
1. The steep mountainous terrain results in unusual ly high pile s . The waste rock p i l e sextend between elevations 7,900 and 9,900 ft elevation (2,000 ft elevationd i f f e r e n c e ) result ing in p i l e s with high vertical rel ie f but relatively shal low waste rockdeposi t s .
2. The toe constraint imposed by valley bottoms (and their associated creeks),part i cu lar ly the Red River and adjacent national road, makes the re s loping of most of
Report No. 52007/1 Robertson Geo Consultants IncSeptember 13,1999
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the waste rock pi l e s impractical. ARD control measures must therefore be appl iedto steep p i l e faces. These spatial restrictions severely l imit the nature of the controlsthat can be implemented and compels careful examination of the potential b ene f i t s ofthose measures that are practical (such as minimization of i n f i l t r a t i o n by sustainablemeasures such as revegetation).
3. The air f l u x through the p i l e , part i cularly thermal convective f l u x , will be high becauseof the high re l i e f and the thermal contrast (temperature in the p i l e compared withambient winter and summer temperatures). High air f l u x i m p l i e s high oxygen f l u x asair f l o w s into the p i l e through coarse rock at the base of the p i l e s and exits through'chimneys' in the heterogeneous pi le s . This e f f e c t may introduce large quantities ofoxygen at the base of the p i l e s , increasing the oxidation in this location. The entry ofcold dry air in the winter (or whenever the ambient air temperature is below that ofthe interior of the waste rock pi l e s), and its exhaust as a warmer moister air, willremove water from the pi l e . T h i s air movement is expected to have a s igni f i cante f f e c t on the water balance in the p i l e s and therefore for Ihe potential for seepagefrom the base of the piles.
4. The high rel ie f contrast results in a large variation in the precipi tat ion on the p i l e sdependent on the elevation, with the highest elevations ge t t ing almost twice theprec ip i ta t i on of the lower elevations. The kinetics of i n f i l t r a t i o n (hence potentialseepage) differs for port ions of p i l e s at high elevations compared with those at lowerelevations. The e f f e c t ivene s s of i n f i l t r a t i o n l i m i t i n g measures in protec t inggroundwater wil l therefore differ d e p e n d i n g on the elevation of the p i l e underconsideration.
The waste rock characterization program was designed to develop an unders tanding ofthe overall p i l e static and kinetic characteristics. It was proposed that this be done usinga staged approach. In Phase 1, three of the p i l e s would be investigated, instrumentedand monitored to determine:

1. static and kinetic characteristics of the waste rock located in that pi le:
2. the current location of the oxidation, acid and contaminant front s within the p i l e sat the investigative borehole locations; and
3. the temporal (over t ime) variation of temperature, oxygen and moisture content inthe p r o f i l e s of the investigative boreholes.

The results of the investigation and monitoring would be used to generate and calibratemodels of these three p i l e s a l lowing their f u tur e kinetic performance to be evaluated,with and without alternative control measures. Phase 1 would take 3 years to complete.
In Phase 2, the results of Phase 1 would be used to p lan and implement an investigativeprogram which will al low the remaining p i l e s to be characterized, modeled and closuremeasures to be designed and ver i f i ed . Phase 2 would be optimized to investigate thecritical characterization parameters i d e n t i f i e d during Phase 1 and fill any data gapsdetermined from the earlier program.
Tasks 1.3 and 1.4 of the characterization and monitoring program provides for thedrilling of 9 boreholes in three p i l e s and a scar area in order to obtain samples for
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geotecnnical and geochemical characterization and to enable instruments to be ins ta l l edin the boreholes to determine the conditions of temperature, oxygen and carbon dioxidecontent, and moisture p r o f i l e s in order to adequately characterize these pi le s . Subtask1.5 i) provides for sample descriptions and characterization testing (grading, moisturecontent, paste pH and conductivity).

2 . 0 D R I L L I N G A N D I N S T R U M E N T A T I O N
2.1 Task 1.3 Phase 1 D r i l l i n g and S a m p l i n g Program
Task 1.3 has been completed e s sential ly in accordance with the activities and methodsproposed in Molycorp, 1998, as reviewed by NMED. Nine drill holes were d r i l l e d in f o u rwaste p i l e s at the locations shown on Figure s 2, 3 and 4. Seven of the drill holes werelocated in the three pi l e s original ly proposed for the f o l l o w i n g reasons:

Sugar Shack West Pile. T h i s high p i l e appears to be comprised primarily ofandesite waste rock with a high acid generating potential. It is located overf o u n d a t i o n bedrock that is not scar material. It was proposed that twoexplorat ion and instrumentation boreholes be ins ta l l ed in this p i l e . One is at thetop near the rear of the p i l e to investigate the oldest waste (first p la c ed) andkinetic conditions at the back and rear of the p i l e . The other is near the toe toinvestigate the youngest waste (last p la c ed) and kinetic conditions near the toe ofthe p i l e .
Sugar Shack South Pile. T h i s high p i l e represents a mixed material p i l e withprimari ly acid generating andesites in the higher portions of the p i l e andpredominant ly acid consuming a p l i t e in the lower portions of the pi l e . It is locatedover an area of 'scar' foundat ion rock. It was proposed that three exploratoryand instrumented boreholes be d r i l l e d in this p i l e . H o l e s were located near theback and near the toe of the p i l e for the reasons described for Sugar ShackWest. The third borehole was located at approximate ly mid height on the p i l e toinvestigate materials and conditions at this location of this more complex p i l e .
S p r i n g G u l c h Pile. T h i s is a lower p i l e comprised mainly of a p l i t e waste rock andlocated over non-scar bedrock. As for Sugar Shack West , two exploration andinstrumentation holes were dr i l l ed near the back and toe of the pile.

F o l l o w i n g discussions with NMED and internal review, two addi t ional drill holes weremade in Capul in waste p i l e to characterize this p i l e , where acid seepage is currentlyoccurring, to determine how this p i l e may differ f r om others. The f i n a l location of drillholes for this program and the ins tal led instrumentation was approved by NMED in ale t ter dated July 7,1999.
The two drill holes to be completed in scar material have not as yet been dri l l ed .
The drilling methods and procedures were in accordance with those described inMolycorp, 1998, and approved by NMED. All d r i l l i n g was done under the supervision ofa specialist geotechnical engineer and a geologi s t . A top driven hammer drill advancinga double walled casing was used (9 inch OD, 6 inch ID) with air being introducedthrough the annulus to return a representative sample up the inner tube (with minimal
Report No 52007/1 Robertson Geo Consultants Inc.September 13,1999



Inter im Reoort: Questa Waste Rock Pile Dril l ina. Ins trumenta t ion and Characterization S t u d v

breakage of the waste fragments). S a m p l e s were collected for each 5 ft advance ands p l i t for laboratory testing. The casing was advanced until bedrock was encountered.The decision on when bedrock was encountered was based on a combination of theobservations of the dr i l l e r and rig penetration and the observations of the geologist of thenature of the drill cuttings. The lowest f ive f oo t sample therefore represents a mixture ofp i l e material and f o u n d a t i o n material. Preliminary drill hole logs are provided in Tab l e s 1to 9. SRK has provided a report entitled "Preliminary Observations of Mine Waste RockPiles at Questa New Mexico" dated August 29,1999. A more detailed description of thedrilling procedures and drill hole logs wi l l be provided in a subsequent report.
The drill holes have been p lo t t ed on sections through the waste rock p i l e s and these areshown on F i g u r e 5. The bedrock d e p t h has been interpreted from the drill hole data.The shallow d e p t h of the waste rock p i l e s is readily apparent f r om these sections.
2.2 Task 1.4 Instrumentation and Monitoring
Instrumentat ion was ins ta l l ed in the drill holes, general ly in accordance with the programproposed by Molycorp , 1998:
i. The internal PVC casing was reduced in diameter to 1 inch to obtain the flexibilityrequired for instrumentation ins tal lat ion. The casing was slotted at the base andcan be used for water s a m p l i n g , but no water was encountered at the wastepile:bedrock contact in any of the drill holes.
ii. A string of thermistors was ins tal l ed in each hole to measure temperature atintervals between 5 and 100 ft dep th . These were monitored shortly a f t e rinstallation was completed and the results are p lo t t ed on Figure 6.
ill. A string of pore gas s a m p l i n g tubes were ins ta l l ed to sample pore gas at thesame elevation as the thermistors. No pore gas s a m p l i n g has been done as yet.
iv. After an evaluation of the difficulties of achieving reliable readings f rom moisturecontent censors ins ta l l ed in other boreholes elsewhere it was decided thatins ta l la t ions to achieve valid readings could not be obtained and these wereomitted. Consideration is being given to i n s t a l l i n g such sensors in deep test pi t swhere the material type and compaction characteristics can be controlled to berepresentative of the rest of the p i l e material.
The instrumentation in s ta l la t i ons proposed were reviewed and approved by NMED priorto ins tal lat ion. A program of monitoring is being implemented in accordance withMolycorp , 1998. The results wil l be reported in subsequent reports.

3.0 LABORATORY TESTING
A total of 160 test specimens from the nine drill holes were tested.
The samples were analyzed for water (moisture) content, pH, and conductivity usingstandard procedures provided by SRK and included in A p p e n d i x A.
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The f o l l o w i n g method for laboratory determination of water (moisture) content of soil androck was used.
• Thermos ta t i ca l ly controlled forced d r a f t type oven was used, maintaining a p lu s orminus 5 degree centigrade at 110 degree centigrade.
• % d i f f e r e n c e in mass, a f t er successive drying periods, was recorded to ensurein s igni f i cant changes in last time period.
• 300 grams of sample were i n i t i a l l y used for 83 test specimens and dried for 7 hours.77 test specimens were analyzed using 50 grams of sample, dried for 2 hours anddried to a constant weight a f t e r 1 more hour. The lat t er test was done to obtain earlyresults for this report. The s e tests are being repeated using the f i r s t (s tandard) testprocedure, but no material changes in results are anticipated.
All samples were passed through a 0.525 mesh screen. Remaining top fractions on thescreen were returned to its original bag. Remaining minus frac t ions were also returnedto bag.
All raw calibrations and temperature checks were recorded on a ledger.
The results of this te s t ing for paste pH, conductivity and moisture content is provided onT a b l e s 1 to 9. The results are also p l o t t e d against d e p t h for each of the boreholes onFigure s 7,8 and 9.
F u r t h e r te s t ing in accordance with Task 1.5 is p lanned and these results will bepresented in subsequent reports.

4.0 G E O C H E M I C A L CHARACTERIZATION AND POTENTIAL FOR ARDL E A C H A T E
C o m p l e t e geochemical characterization of the f o u r rock waste p i l e s does require thecomple t ion of Tasks 1.1 and 1.5. The f o l l o w i n g is an interim interpretation. T h i sinterpretation is for current conditions.
It is anticipated that there will be kinetic changes of ARD potential with time. T h u s ap r o f i l e , which currently has little or no potential for y i e l d i n g ARD, may yield suchdrainage at some time in the future. T h i s is as a consequence of changes (or advances)in the location of the acid front. Oxidation and acid generation is a dynamic (or kinetic)process. At the time of mining the waste rock is l i k e l y alkaline as a result of the exposedalkal ine minerals. The s u l f i d e s begin to oxidize only when they are exposed to theoxygen in air and water. Oxidation is slow, part i cu larly i n i t i a l l y (prior to the onset ofbacterially catalyzed oxidation which occurs only a f t e r the pH falls below 4.5). The initialsmall amounts of acidity which are produced are neutralized by the available a lka l in i ty inthe waste rock. Only if acid generation has advanced to the extent that all the a lka l in i tyis consumed does the rock waste actually become acidic. If acid is leached from anacidic zone and transported into an adjacent a lkal ine zone it consumes reserve a lka l in i tyresulting in the advance of an acid front. If this acid front advances to the base of thewaste rock p i l e then seepage from the base of the p i l e will be acidic.
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The assessment of fu ture ARD drainage potential requires the comple t ion of thecharacterization work, par t i cu lar ly the kinetic te s t ing of Task 1.5 as well as the mode l ingand prediction work that f o l l o w s in Task 1.8.
4.1 S p r i n g Waste Rock Pile
Based on the surface characterization studies (SRK, 1996; Wagner & Harring ton , 1995)it was anticipated that WRD-1 would be p r i n c i p a l l y in ap l i t e and black andesite wasteand non-acid generating (Zones 151 to 154). WRD-2 would be expected to be in mixedvolcanics and a p l i t e (Zones 187 to 189) and acid generating. The results from WRD-1and 2 (locations shown on F i g u r e 2) confirm this.
WRD-1 was completed in a p l i t e and black andesite that has undergone p r o p y l i t i calteration (see SRK 1999). The andesite cuttings lo ca l ly contain pyrite, chalcopyrrte andmolybdenite. Calcite was consistently present in the andesite. N o n e of the mixedvolcanic material was observed.
The paste pH results (Figure 7) shows values consistently above 7, conductivity (Figure8) is moderately low (less than 2,500 \>S) suggesting a moderate TDS. The temperaturep r o f i l e (Figure 6) ranges from 60° to 55° F suggest ing that there is n e g l i g i b l e heat ofoxidation. These are all indications of non-acid generating characteristics. Thischaracterization wil l be confirmed with static (ABA) testing.
WRD-2 was completed in mixed volcanics, characterized by altered rock fragment s in ayellow-brown clay rich matrix. Loca l ly pyrite could be observed.
The paste pH tests (Figure 7) were consi s tently low (general ly less than 4) and highconductivity (Figure 8) values were recorded, part i cu lar ly near the base of the pi l e . Incontrast to WRD-1 the temperature in WRD-2 increased with d e p t h to approx imate ly 90°F. These are all indications of substantial oxidation.
For acidic drainage to be occurring from the base of the p i l e at the location of the drillhole, two conditions must exist:

1. The waste rock at the base of the p i l e must be acidic (pH < 4.5), and2. There must be downward migration of water (seepage) to transport acidicleachate from the base of the p i l e into the f o u n d a t i o n materials.
If the upper part of a waste rock p i l e is acidic but the lower part is neutral or a lkal ine thenthe lower waste zone will neutralize any acidic seepage entering into it. When theneutralization capacity of upper layers of such a zone is consumed they become acidicresul t ing in the acid front* migrat ing downwards. The rate at which the acid frontmigrates d ep end s on:

1. The acidity of the seepage,2. The quantity of seepage, and3. The neutral iz ing capacity of the acid neutralizing waste rock.
If there is no downward migration of seepage then there will be no movement of the acidfront .
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Based on the drill hole information it is apparent that the u p p e r bench of Spring G u l c hwaste rock p i l e is acidic throughout its p r o f i l e and at the base. This does not mean thatthere will be acid mine drainage f rom the base of the p i l e as the mechanism for l eaching,and downward migration of contaminants, must also be there. T h i s potential isconsidered f u r t h e r in Section 5 below.
Since WRD-1 and 2 are entirely in acid consuming and acid generating waste rockrespectively, they serve as u s e fu l references against which to compare other drill holeresults.
4.2 Sugar Shack South Waste Rock Pil e
WRD-3 to 5 were d r i l l e d in this p i l e at the locations shown in F i g u r e 3. From the surfacecharacterization studies it was anticipated that the upper part of WRD-3 would be in non-acid generating apl i t e (Zone 88, in the a p l i t e wrap-round berm) and the lower part inp o t e n t i a l l y acid generating mixed volcanics (Zone 66 and 87) resulting in low (or no)ARD potential in the top and high ARD potential at dep th . WRD-4 was expected to bemainly in mixed volcanics (Zone 66) with high ARD potent ia l , and WRD-5 in mixedvolcanics and andesite resulting in high ARD potent ial . The s e expectations weresubs tantial ly confirmed in these drill holes.
WRD-3 was d r i l l e d near the toe of the p i l e , pr imari ly in fre sh a p l i t e for the upper 55 ftwith hydrothermal ly altered mixed volcanic material near the base of the hole. The pastepH and conductivity ( F i g u r e s 7 and 8) clearly re f l e c t these materials. It should be notedthat the pH in the lower section is not nearly as low, or the conductivity as high as isobserved in WRD-2, ind i ca t ing that the current acidity and oxidation conditions are muchmilder than the conditions per taining in WRD-2. The temperature p r o f i l e ( F i g u r e 6)re f l e c t s some increase in temperature over that observed in WRD-1 but is considerablyless than that in WRD-2. In WRD-3 the acid front is above the base of the p i l e .
WRD-4 is located at p i l e mid he ight , and intercepted hydrothermally altered mixedvolcanics and lesser amounts of fre sh apl i t e . Despite the apparent potential for acidgeneration the pH values are general ly quite high (above 4.5 and o f t en above 7).Conduct ivi ty values are also moderate. The layers near the base of the p i l e have pHvalues above 7. It is apparent therefore that the acid front is high above the base. Thetemperature p r o f i l e indicates a rapid increase in temperature with d e p t h to over 100° F atthe base. This indicates that there is oxidation and heat generation occurring in thea i r f l o w pathway between drill hole WRD-3 and 4. During drilling and prior to removal ofthe drill stem, hot air was observed to discharge from the drill p i p e (SRK, 1999).Because the drill stem was closed and continuous from the surface to the bottom of thehole, the a i r f l o w originated at the base of the waste rock p i l e . T h i s i l lu s trat e s therelatively high air permeabil i ty that exists in the coarse rock zone at the base of thed u m p and the fre edom with which air can move through the d u m p under the pressuregradients that deve lop natural ly as a result of d i f f e r e n c e s in air density due totemperature d i f f e r e n c e s (chimney e f f e c t).
WRD-5, located near the top of the p i l e , intercepted clay altered material near thesurface and fre sh p o r p y l i t i c andesite with calcite at d ep th . From the paste pH andconductivity p r o f i l e s it is apparent that oxidation and acid generation is occurring nearthe top of the p i l e but that it is being controlled by the calcite (calcium carbonateneutralization) at depth. The acid front is high in the pi l e . The temperature p r o f i l e
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r e f l e c t s a steady increase with d e p t h to temperatures over 110 °F at the base. Thisindicates that oxidation is ongoing in the a i r f l o w pathway between WRD-4 and 5.
4.3 Sugar Shack West Waste Pil e
WRD-6 and 7. From the surface characterization studies it was anticipated that WRD-6and WRD-7 would be completed in granitic andesite (Zone 40). The material wasthere fore expected to have moderate acid generation potential.
In both holes, clay altered mixed volcanic materials were encountered to a d ep th ofabout 30 ft. At d e p t h the rock appeared to be fre sher mixed volcanic material.
Both holes show identical paste pH and conductivity p r o f i l e s , r e f l e c t i n g that both p r o f i l e swere developed from the same materials p i l ed f rom the same p l a t f o r m at the same time.The acid front in this pi l e is high, well above the base of the pi l e , and conductivities arerelatively low.
The temperature p r o f i l e s are quite d i f f e r e n t ; with the temperature in WRD-6 beings l i g h t l y elevated (compared with W R D - 1 ) while that for WRD-7 is considerably elevated.Since there is little potential for fre sh air (with oxygen) entering high through the face ofthe p i l e (against the thermal gradient) it appears to confirm the mechanism that airenters the base of the p i l e in the h i g h l y permeable base layer and migrates upwards inthis base layer (hence causing the most oxidation and temperature rise in this layer),increasing in temperature with added oxidation along the f l o w path, to finally ventthrough the upper surface of the dump. T h i s mechanism is i l lu s trated in Figur e 10a.Thus the temperature in WRD-6 is somewhat elevated, but less so than WRD-7, despitethe s imi lari ty in geochemical characteristics in both drill holes. The results of oxygenand carbon diox ide monitoring, as well as the thermal variation with colder (winter)source air will considerable assist in the d e f i n i t i o n of the a ir f l ow and oxidation patterns inthe rock pi l e s .
4.4 C a p u l l n Waste Rock Pile
WRD-8. From the surface characterization, the waste rock in Capulin p i l e at WRD-8was expected to be granitic andesite with ARD potential (Zone 3B). The materialencountered was a crystal rich tuff with altered, clay rich matrix. Suffide mineralizationwas more common at this location (SRK, 1999). Paste pH was uni formly low (below 4),but conductivity was moderate. The temperature increased with d ep th to temperaturesin excess of 90° F at 100 ft.
WRD-9. From the surface characterization, the waste rock was expected to be acidicandesite of variable color (Zone 7). Litho logi e s encountered were mixed volcanics, tuffand black andesite. Cut t ing s from the upper 25 ft contained altered clay. Freshermaterials were encountered at dep th . There was a moderate increase in temperatureswith depth.
With both WRD-8 and 9 the acid front is at the base of the p i l e .
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4.5 . Conclusion Regarding Acid Front in Waste Rock Plies
The current location of the acid front in the p i l e s at the investigative drill hole locations isat the base of the p i l e only for WRD-2, WRD-8 and WRD-9. For the remainder of thedrill hole p r o f i l e s the acid front appears to be located well above the base of the piles .

5.0 ARD MIGRATION
In order to drain contaminants f rom the p i l e , there must be a downward migration ofwater to leach them and transport them into the environment.
In recent years there has been an increasing recognition of the e f f e c t s of evaporationand evapotranspiration in controll ing the rate of in f i l t ra t i on through surficial soils,part i cu lar ly in arid and semi arid climates where the net i n f i l t r a t i o n may become verysmall. S u r f a c e evaporative e f f e c t s reduce the net i n f i l t r a t i o n into the Questa waste pi le s .
However, there is another e f f e c t that may be of particular significance at Questa. T h i s isthe potential drying e f f e c t of convective air transfer through the pi le s . Pil e s constructedby d u m p i n g over a crest, such as was practiced at Questa, results in segregation on thep i l e face such that the large boulders accumulate at the base and there is aconcentration of f iner material at the top. Thi s typ i ca l ly results in a very high airpermeabi l i ty layer of coarse large boulders at the base of the p i l e . When more coarsedurable rock is mined the entire p i l e s l ope may be composed of coarse waste rock. W i t hthis c on f igura t i on , a permeable (to air) layer or 'chimney' develops to the p i l e surface.T h i s is i l lu s trated in F i g u r e 10a. Such chimneys are o f t en observed on acid generatingp i l e s when they yield vents of 'steam' during cool winter days. The steam from the ventrepresents air that has entered (in a cool relatively dry state) at the base of the p i l e andtraveled through the coarse boulder layers (warming as it contacts the warm wastewhich has elevated temperatures as a result of the exothermic pyrite oxidation reactions)and then passed up the chimneys as warm air. The increase in air temperature resultsin its expansion and decrease in density, producing the pressure gradients and drafte f f e c t in the chimneys, drawing in more air at the base. The warm air also brings infre sh oxygen that increases the rate of oxidation and hence perpetuates the oxidation,temperature increases and dra f t e f f e c t . The air is also responsible for the transfer ofheat through the dump. The air picks up heat in zones where oxidation reactions areoccurring and transfers it, along its f l o w path, to the rock through which it f lows .Increas ing temperatures between two drill holes are therefore an indication of oxidationreactions in any f l o w path between the two drill holes, but the temperature at a particularhole in a 'hot' air stream does not necessarily indicate oxidation of the waste in whichthat hole is located. T h i s is analogous to the heating up of a household chimney eventhough the chimney it se l f is not on fire.
The cool dry air, as it heats up, is able to increase its relative humidi ty and increase itswater vapor content. As this warm humid air leaves the p i l e , at the surface the moisturemay condense produc ing the observable steaming vents. Such vents have beenobserved at Questa and at numerous other acid generating waste pi le s . In most casesthe exhalation rate is too slow to produce visible vapor. At typical p i l e temperatureranges of between 60 and 140° F a cubic meter of air at saturation will hold between 15and 150 ml of water respectively. T h u s if we assume that each cubic meter of airpassing through the p i l e increases its moisture content by 50% of its warm saturated
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capacity, then this amounts to about 75 ml per cubic meter of air. Assuming thei n f i l t r a t i o n into the Questa p i l e s is 20% of prec ip i ta t ion (i.e. 20% of 40 cm {16 inches} ofrainfall) then the total in f i l t ra t i on is about 80,000 ml per square meter per year. Toremove this volume of water by evaporative a i r f l o w at 75 ml per cubic meter wouldrequire an a i r f l o w rate of 80,000/75 cubic meters per year per square meter. T h i srepresents a f l o w rate of 80,000/75/365/24/60 = 0.002 m per minute or 2 mm per minute.The a i r f l o w through the p i l e may not be uni form but may occur p r i n c i p a l l y through thecoarser chimneys.
The p i l e s at Questa differ from other p i l e s in that they are very high and shallow. T h i s iswell i l lu s tra t ed by the sections for Sugar Shack South and West p i l e s in F i g u r e 5. Forthese pile s the typical p i l e material thickness is less than 100 ft, while the p i l e height iswell over 500 ft. In more conventional p i l e s , the average p i l e thickness is about thesame as the p i l e height. The chimney e f f e c t is therefore very large for the Questa pi le s .The increase of temperature with dep th at Questa indicates that very active oxidationand temperature generation is occurring in the lower layers of the pi le s . Thepermeabi l i ty of this lower layer and the active venting is clearly i l lu s trated by theexperience at WRD-4 with the venting from the drill pipe.
Other than the C a p u l i n waste p i l e there is remarkably little evidence of seepage from theQuesta waste pi le s . No toe seeps are observed and there appears to be no detectablemounding of the water table at the toes of these pile s . One cause of this lack ofseepage may be the drying e f f e c t s of thermal venting through these waste piles.
One of the objectives of this investigation was to evaluate moisture conditions in thep i l e s to determine if thermal venting could be c on tro l l ing the potential for contaminateddrainage f rom the pile s . To investigate this fac tor , the waste samples f rom the drillingprogram were car e fu l ly collected to preserve their moisture content and the moisturecontent was determined in the laboratory. The results are summarized on T a b l e s 1 to 9,and presented in graphical f orm in F i g u r e 9.
The average moisture content for each of the drill holes is as f o l l o w s :
D r i l l H o l e
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From a view of the p l o t s of moisture content with d e p t h (Figure 9) and the results in theabove table, it can be observed that generally there is:
• A low overall moisture content,
• A decrease in the moisture content in the holes at lower elevations (above tableand graph),
• A decrease in the moisture content in the p r o f i l e s of each hole, par t i cu lar ly nearthe base (Figure 9).

T h i s appears to indicate that there is a drying e f f e c t at the base of the pile s . In all casesthe f o u n d a t i o n rock was dry and dusty when d r i l l e d . No water was encountered at thebase of pile:bedrock contact. The drying e f f e c t appears greatest for the lower p i l e swhere the prec ip i ta t ion is also lower. T h i s enhanced drying may also be the result ofdrier air at the point of entry.
There are a number of factors that determine the moisture content in soils and minewaste rock. These inc lude the density, grading (grain size d i s t r i bu t i on) and clay content.Drained field moisture contents (the amount of water that a f r e e l y drained sample of thesoil wil l h o l d ) t y p i c a l l y range from over 40% for clays to about 20% for many loams (soilmixtures - s i l ty and clayey sands) to about 5 to 8% for clean sands and gravels. Toachieve moisture contents below the drained field moisture content requires thea p p l i c a t i o n of suction. Plants a p p l y such suction by osmosis through root cell walls.Evaporation from the surface of the waste rock p i l e also a p p l i e s suction (negative porewater stress) through the p i l e . Air movement through the p i l e would also causeevaporation in the interior of the p i l e , f ur th er increasing the soil suction. The moisturecontent, hence the soil suction, that develops in a waste rock p i l e represents the nete f f e c t of in f i l t ra t i on , evapotranspiration from the surface and internal drying caused by airmovement through the p i l e . The lower the moisture content, the higher the soil suctionthat develops. A soil mass in which there is high pore suction does not yield seepage(much as a s l i g h t l y moist sponge h o l d s water by 'pore suction1). The coarse waste rockat the base of the p i l e cannot sustain soils suction and represents a suction break layer,preventing the downward migration of moisture held by pore tension in the waste rockpi l e .
The very low moisture contents of the lower coarse waste layer and the bedrock mayindicate that this is an e f f e c t i v e drying layer and suction break layer between the p i l e andthe f o u n d a t i o n materials. It is noted that WRD-8 and 9 (the highest p i l e locations) havehigh average moisture contents. Only in WRD-8 is there not a very substantial decreasein the moisture content near the base of the p i l e . T h i s hole is located in the p i l e with theonly clear evidence of toe seepage. Even for this p i l e it is uncertain if the toe seepageoriginates mainly f rom the p i l e or f rom groundwater, as there are a number of naturalspr ings observed at the same elevation as the p i l e , either adjacent to the p i l e or in the piton the opposi te side of the ridge from the pile.
W h i l e considerable monitoring and work still has to be done to assess the e f f e c t ofdrying due to air convection through the p i l e s , there appears to be considerableevidence that such drying is occurring which, together with surface evaporation, isc o n t r o l l i n g migration of water through the p i l e s .
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The proposed program of laboratory te s t ing for this geotechnical and geochemicalcharacterization program (Molycorp , 1998) will investigate the moisture content:soilsuction re la t ionsh ip s for the mine waste rock. A test p lo t program is provided for(response to Comment A10, Molycorp , 1998), to s p e c i f i c a l l y determine the conditionsthat govern i n f i l t r a t i o n and moisture migration into the mine waste rock, water balance inwaste rock p i l e s and seepage from them. Parameters determined from the laboratorytest program and the field test p l o t s program, as well as the results from theinstrumentation monitoring from this program, will be used to assess and model moisturemigration (hence potential for ARD migrat ion) through the waste rock pi le s .

6 .0 RESLOPING ISSUES
The data gathered in this investigation enables a f i r s t qualitative assessment of thepotential for r e s l op ing of the Questa waste p i l e s to be made.
In general the t opography is not conducive to r e s l op ing of most of the pile s . From thesections through the Sugar Shack p i l e s ( F i g u r e 5) it is apparent that r e s l op ing , to say2:1, would extend the toe considerably. Space for this extension is not available for thep i l e s adjacent to the Red River.
Resloping of many of the p i l e s , by the most practical and general ly only economicmethod of pushing down material from the t op , would, for most p i l e s , result in pu sh ingacid generating material from the upper p i l e s over the non-acid generating wrap aroundberms which form the lower p i l e s (for example Sugar Shack South and S p r i n g G u l c hpi l e s).
The re s l op ing of p i l e s will result in f i n e material from the top of the p i l e being pushedover the coarse lower air permeable layer (as i l lu s trated in F i g u r e lOb). T h i s wouldreduce the potential for air entry and thermal convective drying in the pile s . If this wasdone without a clear unders tanding of the potential contaminant yield to groundwaterand toe seepage then this could result in contaminated seepage yi e ld s and adegradation of the groundwater.
From the above discussion it is clear that it is essential that r e s l op ing should beconsidered and imp l emen t ed , if appropr ia t e , only a f t e r a full appreciat ion has beenobtained of the geochemical and geotechnical behavior of the waste rock and potentialremediation measures. The proposed geochemical and geotechnical characterizationand closure measures evaluation program provides for the development of thisappreciation.
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ZONE A = pH < 3.5 (strong acidity)
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Figure 7a. Paste pH versus Depth
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NOTE: TDS (in ppm) approximately 0,5 of Conductivity

Figure 8a. Conductivity versus Depth
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Figure 6. Temperature Versus Depth
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drillresults.xis 9/10/99
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ZONE A = Conductivity < 2500 uS (likely mainly calcium sulfates)
ZONE B = Conductivity between 2500 and 3500 î S
ZONE C = Conductivity > 3500 ^S
NOTE; TDS (in ppm) approximately 0.5 of Conductivity

Figure 8b. Conductivity versus Depth
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drillresults.xis 9/10/99

Moisture Content (%)
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Moisture Content (%)
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ZONE A = MC LESS THAN 2%
ZONE B = MC BETWEEN 2% AND 4%
ZONE C = MC BETWEEN 4 AND 6%
ZONE D = MC GREATER THAN 6%

Figure 9a. Moisture Content versus Depth
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drillresults.xis 9/10/99

Moisture Content (%)
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Moisture Content (%)
0 2 4 6 8 10 12 14

ZONE A = MC LESS THAN 2%
ZONE B = MC BETWEEN 2% AND 4%
ZONE C = MC BETWEEN 4 AND 6%
ZONE D = MC GREATER THAN 6%

Figure 9b. Moisture Content versus Depth
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F i n e waste at top of d u m p

Course waste at baseo f d u m p

a ) A i r M o v e m e n t p r i o r t o R e — s l o p i n g

Cover P l a c e m e n t
prevent s a ir m i g r a t i o n

R e l o c a t i o n o f f i n emater ia l prevent sair migration

b ) E f f e c t s o f R e — s l o p i n g o n A i r M o v e m e n t

ROBERTBON G E O C O N S U L T A N T S I N C .
Consulting QeotechnlcaJ and Environmental Engineers

Molycorp, Questa Mine
New Mexico, USA

Waste Rode Pile Geochemical Characterization
Figure No. 10E f f e c t s of Re-sloping and Covering onAir Movement through Waste Rock Dump
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Table 1. Preliminary Drill H o l e Log for WRD1
Drill Hole. WRD1 DnBer Layne Western DnllingEquipment AP-1 000 Hammer DnDStart Date 7/31/99End Date 7/31/99 Logged By A Eschenbacher, SMAG Muller, SRK Consulting Inc

DepthFrom To
051015202530354045
5055606570758085
9095

51015
202530354045
5055
606570
7580
85SO
95100

Lithokx jy
Aplite. light grey, minor Pynte, tan matrixAplite. minor Pynte. w/ Andest t t e , tan matrixAplite. trace Pynte. tan matrixApMe. minor AndeeRe, light grey, tan mutnxArtlte. light grey, tan matrixAndesite, >1 % Pyrite, trace Molydenum, mineralized, brawn matrixAndesite. >1% Pynte. Aplite. minor Rhvolrte. Fluonte . Calcrte. Trace MolydenumAndesite. trace Pynte. minor Aplite, Calcrte, dark brown matrixfresh Andesite. Calcrte. dark grey to Hack, dark brown matrixAndesite. trace cnalcopynte, abundant Calcite. dark grey, dark brown matrixnnaesne, uacc ryme, \MttMe. oarK Drawn mainxAndesite. porphyry, 1 % Pynte, minor caksite, dark brown matrixAndesite. abundant Calcite. dark green-grey, propyhtacal ly altered, dark brown matrixAndesite, trace Pynte. abundant catate. dark grey, dark brown-grey matrixAndesite. fresh trace Pyrite. dark grey, dark grey-brown matrixAndesite. trace Pynte, minor Calcite. dark grey-green, dark grey matrixAndesite. minor Calcrte. black, minor propyl i t i c alteration, grey matrixAndesite. trace Calcite, black, minor propyl i t i c alteration, grey matrixruiueBiui, DUCK, iioan, grey m«nxAndesite. black, targe blocks, fresh

Comments
drydrydry. poor recoverydrydrydry.color change to brown at -271

drydrydrydrydrydrydry
drydrydrydrydrydry

PastePH(su)
8377987.93
7.67793
729
7.68773
768784
776788811
7897987468.168.168.41789

PasteCond( M S )
6341.040

1,380
1,8501,7302,4002.040
2,2001,7502,3402,250
1,8002,0701,6301,8521,6501,0651.296
8362,290

MoistureContent(%)511640
4844
4941
6.250
6.2434347403525
24161338
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Table 2. Preliminary Drill H o l e Log for WRD 2
Drill Hole
Start DateEnd Date

DeFrom
05101520253035
40455055606570

WRD 2
7/31/997/31/99

"i*5
101520
A)30
JO4045505560657075

Driller Layne Western DrillingEquipment. AP-1 000 Hammer Drill
logged By A Eachenbacher, SMAG. Multer, SRK Consulting Inc

Llthology
mixed volcanics mosttv oxidized vellaw-brawn dav nch matrixmixed volcanics, trace Pvrite, oxidized, yellow-brown clay nch matrixmixed volcanics. oxidized, vellow-brown dav nch matrixmixed volcanics. trace Pynte. oxidized, yellow-brown day nch matrixmixed volcanics. vellow-Drown ctav nc i matrixmixed volcanics. vellow-brown clav nc i matrixmixeo volcanics. OXIQIZBQ. venow-Drown CHV ncn mamxmixed volcanics trace Pvnte oxidized vellaw-brawn matrixmixed volcanics. trace Pynte. oxidized, yellow-brown clay nch matrixmixed volcanics, trace Pynte, oxidized, yellow-brown clay nch matrixmixed volcanics trace Pvrite. vellow-brown clav nch matrixmixed volcanics. vellow-brown clav nch matrixAolite. trace Pvnte. fresh MocksAollte. trace Pvnte. fresh blocksAolite. >1% Pvnte. fresh blocks

Comments
drvdrydrvdrvdrvdrvdrv
•mimf

mastmoistmoistmoistdrvdrv. Door recoverydrv

PastePH
M499

4.02353
317
O AA
338
4 O4

334
322314317328382368415

PasteCond0*)
1,4102,6702,780
3,8204,1103.140
4 4Of\
2,8403,7305.2406.4406,3705,6305,3904,220

MoistureContent(%)-It-
568869
10710293
96576356233520
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Table 3. Preliminary Drill H o l e Log for WRD 3
Drill Hole WRD 3
Start Date 7/30/99End Date

DepthFrom To
05
10152025303540455055
657075
8085
9095
100105
110115

51015202530354045505560
7075808590
95100
105110
115120

Dnlter Layne Western DnHingEquipment. AP-1 000 Hammer Dnll
1 A A M A i J Bit A r«dkt»AMlVn«kkAV O f t J A

G Multer.SRK Consulting Inc

Uthology
Andesite. minor Apllte. trace Pynte, gravel In tan sand, silt size matrixA u l i t e . 1 ninor Andesite. fresh blocksAndeslte. minor Aolite. trace Pvnte. brae f moments
ft j - k f l f M i l f n !•••»! i> BtjMeW tVa-B-h Wlo <*!«**AnaeSnB. uaC8 rVTHB. TreSn DIOCKBAndesiAndesi e. trace Pvnte. fresh blockse. trace Pvrite. blocks, brown matrix
Anrio t t i tn H f i f * l / i j
Andesite. Aohte. blocksAndesiAndesri e. ADhte. Rhvolrte fraomente. trace to minor Pvnte.
Rhvolrte. minor Pvnte. fresh hvdrothermallv altered vdcanicsAndeslte. trace pynte. minor hydrothermally altered volcanic Pynte
few An f e s l t e . fragments, veltow-brown matrixAndesite. minor Pynte. moderately hydrothermally altered, yellow-brown matrixAndesite. minor Pynte. minor Apllte, hydrothermally altered, yellow-brown matrixAndesite. trace Pynte. hydrothermally altered, yellow-brown matrixAndesite, minor Pyrite, minor telnc volcanic Chalcopynte, Rhyollte , hydrothermally altered,
yf^Hotyf-prawn i v m l f i XAndesH IB. trace Pvnte. minor Rhvolrte. vellow-brown matrixAndesite, Rhyollte, mixed voteanics, fresh and hydrothermally altered, yellow-brown matrix
Andesd le. Rhvolrte mixed voteanics. vellow-brown matrixAndesite, minor Rhyollte, mixed voteanics, fresh and hydrothermally altered, yellow-brown
MULnltmnjI l l a U I XAndesiAndesri a. minor Pvnte. s l iohtlv alteredB minor Pvnte s l iahtlv altered

Commente
dry. split sampledrv.so it same edry. solrt samDte. ooor recovervdrv. solit samole. ooor recovervdrv.sohtsamDledrv. solrt samoledrv so lr t samDledrv. spirt sampledry SDhtsamDledrv. SP!drv. so it sampitsamo B

Bdry. spl i t sample
drv. solrt samoledry. spirt sampledry. spirt sampledry, split sampledry, spirt sample
drv.lar lerrtsdry, spirt sample
drv. split sampdry, split samp) Ble
drv. solrt sampledrv srirt sample •

PastepH(su)
6.078028.168.25812794784796797827758
635
410390393
441
659635
464399
461673568

PasteCond(uS)
2,4309482,2802,1902,3702,2902,4202,4802,7302,1502,6102,450
3,5103,6303.760
4,150
3,7403,930
3,2703,780
3.5603,2704,090

MoistureContent(%)2604130.83548415940232624425451
4641
3.340
3.845
362720

.
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T a b l e 4. Preliminary Drill Hol e Log for WRD 4
Drill Hole- WRD 4
Start Date 7/29/99End Date

DepthFrom To
0510152025303540455055606570

510
1520
2530354045505560657075

Drtler. Layne Western DrillingEquipment AP-1 000 Hammer Drill
Logycu By f\ toCfiBnoacner , CPMAG Muller, SRK Consulting Inc

Uthology
mixed voteantcs. nvdrothermallv altered, coarse gravel, tan f inesvoteanics. dark brown, hydrothsrmally altered, mostly clay-sand sizedAndesite. Granite, angular gravel, light brown silt-day matrix,mixed volcanics. nydrothermaJly altered, dark brown tinesAoltte Granite Andesite aravelmixed voteanics. hydrothermally altered, drak brown matrixvolcanic, light grey, gravel. hydrothermaHy altered, tan matrixvolcanics l iahtarev hvdrothermallv alteredmixed voteanics arev coarse blocks tan matrixvoteanics. arev. coarse btecks.tan matrixvoteanics. arev. aravel <1" dn . tan matrixvolcanics. arev. coarse aravel. tan matrixAndesite dark arev volcanic anaular one lithotoovAndesite. dark grey, volcanic.minor brown matrix, one l i thotogy

Comments
dry. whole bucket sampledry, split sampledry. split sampledry. split sampledrv solit sampledry. spl i t sampledry, spl i t sample
r i fu Anlit f i s m n l f t
drv SDlltsamDtedrv. SDhtsamDteshahtlv mont. soW samolesl iaht lv moist, sott samolemoist, sou samolemoist, split samplemoist, more red hue than others

Paste
PH(su)

417511740719787784674751488468485778696718795

PasteCond( j i S )
1,8802.930
2,4002.7202,8102.6602.7902,8703,4003,1004.1604,1703,1302,8101,040

MoistureContent(%)5463
5.5
6742645639494.5664.95448
36
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T a b l e 5. Preliminary Drill H o l e Log for WRD 5
Drill Hole
Start DateEnd Date

DeiFrom051015
20
253035404550556065
7075

WRD 5
8 / 1 / 9 98/1/99

pth To
51015

20
25
3035
40455055606570
7580

Driller Layne Western DrillingEquipment AP-1 000 Hammer Drill
Logged By A Eschenbacher, SMAG Mutter, SRK Consulting Inc

Litndogy
Andesite. Rhyollte. mixed vocanics, veDcw-brown matrixRhvolite minor Andeslte brown matrixminor Adite. mixed vdcanics. yellow-brown clay nch matrixAndesite, trace Pynte, highly altered Rhyoll te , black, mixed vdcaracs, yellow-brown (day-icni f f l f l f j i j k tAndesite, minor Pynte, h ighly altered Rhyollte , easily crumbled, yellow-brown day nch
•in nil mnauuCAndesite, trace Pynte, minor Rhyoll te , dark grey, s l i g h t l y oxidized, brawn matrixAndesite. Rhydite. trace Pynte. dark grey-brown matrixAndesite. dark grey-green, large blocks, propylibc alteration, grey matrixAndeslte. trace Pynte. Calcrte. dark grey-green, propylibc alteration, grey matrixAndesite. minor Pvnte. dark areen-arev. arev matrixAndesite. trace Pynte. Caterte, dark grey-green, grey matrixAndeslte. drak arev. brown matrixAndesite. Rhydite, mixed vdcanics. fre sh and altered, dark brown matrixtrace Pynte. mixed voteantas, large blocks oxidized, brown matrixAndesite. trace Pynte. Epidote. minor Rhydrte.dark grey-green, grey matrixAndesite, minor Pynte, dark grey, large blocks, uniform, gray matrix

Comments
moistmoistmoistmoist
•VMU«tmom
drydrydrydrydrvdrydrvdrydrydrydry

PastePH(su)
6187844.40
3.66
360511760
8028.03834789767652773811

PasteCond( U S )
2,5901,8801.650
3,000
3,1903,7503,7702.530
3,2803.4303,6402,530
2,5101,5101.050

MoistureContent
(%)6847
94
116
696458
4942434546647449
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T a b l e 6. Preliminary Drill Hol e Log for WRD 6
Drill Mote-
Start DateEnd Date

DeFrom0510
1520
2530354045
5055

WRD 6
BI4I998/4/99

pth To5
10
15
2025
3035404550

60

Drdler Layne Western DrillingEquipment AP-1 000 Hammer Drill
Logged By A Eachenbacher, SMAG Multer.SRK Consulting Inc

Uthdogy
mixed volcanics vellow-brown dav nch matrxmixed voteanics,dominant Tuff, trace Pynte. arey. light brown clay nch matnxmixed volcanics, fre sh , h ighly altered vanents (bleached, oxidizecl), light brown clay nchmatrixblack Andesr t e j igh t grev Rhvolrte/Tuff. mixed volcanics. Bght brown day nch matrixgrey Rhyollte, minor highly altered volcanics ( Rhyollte, trace Pynte) light brown day rich
m i l , M l l j . l Jmauixarev Rhvolrte. trace Pvnte. (Tuff?), orev-brawn matnxTuff, trace Pvnte. arev. crystal, arev matrixTuff, massive Pynte, dark grey, very litUe banding, grey matrixTuff. >1 % Pynte, EpKtote. dark grey, crystal, grey matrixmixed volcanics, grey Tuff, trace Pynte, light grey Rhvolrte, oxidized Rhyoll te ('), grey-brown matrixmixed volcanics. dominate Tuff. >1 % Pynte. dark grey, crystal, grey-brown matrixTuff, minor Pynte, light grey, crystal, grey reck powder matrix

Comments
moistmoistmoist
moistmoist
moist, drier than abovemoistmoists l i gh t ly mostdry
drydry, competent rock-bedrock

PastepH
M317
329
353
362
394448737
750771
764
750781

PasteCond( U S )
3,130
3.350
3,200
2,960
2,9702.8302.860
2.4302.850
3,0903.4102.980

MoistureContenta749702
10451125
8846205.66
624616
466
C CO
308
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Table 7. Preliminary Drill H o t e Log for WRD 7
Drill Hole WRD 7
Start DateEnd Date 8 / 1 / 9 98/2/99

Driller Layne Western DrillingEquipment AP-1000 Hammer DnD
Logged By A. Eschenbacher, SMAG. Multer, SRK Consulting Inc

DepthFrom To Uthotogy Comments PastepH(su)
PasteCond MoistureContent*•

20

3.84 57

25 mixed voteanics. Aolrte. vellow-brown matrix
moist (raining)moist (raining)dry_______

3.63 2.850 74309 3.140 104346 3.000 72
2530 -3Q_35 mixed voteanics. brown matnx 4.52 3.140 49dry 718 3.100 52
35 40 mixed voteanics. dominant Rhvolite. rh prophyry. grey-brown matrix dry 757 3.110 6640 45 mixed volcanics. Aolrte. Town matrix moist f l m n t t v raining) 757 2.600 6.6
4550 dryf-bi dry 730 2.200 72771 2.250 55
55 _60_ mixed voteanics. dominate Rhvolite. grev matrix moist 7.43 2.130 716065 65 grev Rhvolite. minor Andesite. grev matrix70 mixed voteamcs. dominate Rhvolite. 7.91 1.410moist f l i a h t h / rainina) 763 2.400 56
70 75 l ight grey Rhyohte (partnly oxidized), minor Pynte, minor btack Andesite, trace Pynte, dry 4.28 2.580 46dry bedrock 5.92 2.410 29
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T a b l e 8. Preliminary Drill H o l e Log for WRD 8
Drill Hole WRD 8 Driller Layne Western DrillingEquipment. AP-1000 Hammer DrillStart Date 8/3/99End Date 8/3/99 Logged By A Eschenbacher, SMAG Multer.SRK Consulting Inc

DepthFrom To0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80

5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85

Uthology
Grey welded tuff, volcanic brecte. dark brown matrix
Grey tuff, dark brown matrix
Grey tuff, crystal rich and crystal poor varieties, dark brown clay rich matrix
Dark grey tuff, trace pynte, dark brawn day rich matrix
Dark grey tuff, minor pynte, s ihcif ied, dark grey-brown matrix
Grey tuff, minor pynte, nhcitled, dark grey-brown day rich matrix
Grey tuff, trace pynte, s i l i c r f t ed , dark brown-orange clay rich matrix
Grey tuff, trace pynte, crystal rich, brown-orange day rich matrix
Grey tuff, trace pynte, crystal rich, brawn-orange clay nch matrix
Grey tuff, minor pynte, crystal nch, grey-brown matrix
Grey tuff, minor Pynte, grey-tan clay nch matrix
dark grey Tuff, trace Pynte, crystal nch and crystal poor varieties, grey matrix
dark grey Tuff, trace Pynte, brown day nch main*
dark grey Tuff, crystal poor, light brown clay nch matrix
dark grey Tuff, trace Pynte, light brown matrix
dark grey Tuff, trace Pynte, light brown clay nch matrix
Tuff, light grey, fresh, l ight brown matrix

Comments
moist
moist
moist
MMiatmom
mdst
moist
•VMfetmoist
moist
moist
moist
moist
moist
moist
must
moist
moist, drier than above
dry

PastePH(su)
325
347
316
323
617
389
335
307
363
398
391
4.11
402
379
395
393
388

PasteCond(PS)
2.440
2,480
2.740
2,730
2,500
2,950
2.620
2,910
2.790
2.680
2.570
2.870
2,760
3,050
3.100
3,380
3.150

MoistureContent
(%)
47
62
64
65
56
67
79
80
85
85
93
73
78
87
8.7
94
74
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T a b l e 9. Preliminary Drill Note Log for WRD 9
Drill Hole
Start DateEnd Date

DeFrom0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120

WRD 9
8/2/9980/99

pth To
5

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
0O

100
105
110
115
120
125

Driller Layne Western DrillingEquipment AP-1 000 Hammer Drill
Logged By A Eechenbacher. SMAG Mulfer, SRK Consulting Inc

' L r t h o t o g y
Mixed volcanlcs, trace pyrite, oxidized dasts, light brown matrix
Mixed volcanlcs, brown day rich matrix
Mixed voicanics, dominate andesite, black, brown cby-nch matrix
black Andesite, trace Pynte, brown clay rich matrix
Black andesite, trace pynte, minor grey rhyolite, brawn matrix
Tuff, dark grey, welded, brown matrix
Mixed voicanics, andesite, trace pynte, rhyolite, tuff, brawn matrix
Grey rhyolite, dark grey tuff, welded, light brown matrix
Rhyolite, l ight grey, fre sh, large blocks, light brown-grey matrix
Rhyolite, light grey, fresh, large blocks, light brown-grey clay rich matrix
Grey rhyolite,tuff, welded, light brown day nch matrix
Tuff, grey, welded, light brown clay nch matrix
grey welded Tuff, minor oxidized Tuff with trace Pynte, light brown day nch matrix
Tuff, >1% Pyrite, grey, crystal nch, brown clay nch matrix
grey welded Tuff, Tuff breccia, boulder +/- 3' da , minor Pynte
Reddish grey tuff, >1 % pynte, epidote, large blocks, l ight brown matrix
Red-grey tuff, >1 % pynte, epidote, targe blocks, light brown matrix
Mixed voicanics, red-grey tuff, strong pynte, oxidized and bleached crystal tuff, rhyolite (7),dark brawn matrixMixed voicanics, mostly myoiite, reo-grey, crystal ncn, minor pyrite, injm Drawn mamx
Mixed voteanics, minor pynte, light brown matrix
Mixed volcanlcs, mostly various tuffs, fre sh, oxidized, light broen clay nch matrix
Mixed voicanics, light brown-grey matrix
Tuff, light grey, crystal nch, boulder, light brown-grey matrix
Mixed voicanics, dominate tuff, light grey, boulder, grey matrix
Tuff, light grey, fresh, grey rock powder matrix

Comments
dry
moist
moist
moist
moist
dry, poor recovery
dry, poor recovery
dry, poor recovery
dry
dry
moist
moist
dry
moist
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry
dry, bedrock

PastepH(su)
3.10
379
3.21
305
326
401
323
341
324
2.89
301
356
367
357
3.88
423
682
459
362
342
378
373
382
390
464

PasteCond( U S )
2.780
1,660
3,480
2,910
2.250
2.550
2.840
2,630
1.290
1.720
3.110
4,280
3,980
3.270
3.460
3,660
3.530
3,980
3.810
3.330
3.450
4,660
4,630
4,940
2,440

MoistureContent
(%)
73
96
79
66
65
56
56
65
61
69
87
98
69
85
43
OB
51
73
79
59
60
5.6
45
2.7
13
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APPENDIX AS T A N D A R D T E S T I N G PROCEDURES



Standard Operating Procedure
for Paste pH and Conduct ivi ty T e s t i n g

Questa Project F i e l d Inves t igat ion

1.0 INTRODUCTION
This Standard Operating Procedure describes the method for determining the paste pHand paste conductivity of rock and soil samples. Paste tests are used to evaluate thegeochemical behavior of mine waste materials subject to weathering under f i e l d
conditions. The test method that can be used to rapid ly evaluate a large number of
samples. Sample s may be placed in test vials and prepared in advance in large batches.
Measurement of total dissolved sol ids content (TDS) and conductivity are analogous.Subjec t to equipment availability, a TDS meter may be substituted for conductivitymeter.
2.0 MATERIALS AND E Q U I P M E N T
The f o l l o w i n g materials are required for conducting paste pH and conductivity tests.
1. A pH meter with pH 4 and pH 7 calibration standards;
2. A conductivity or TDS meter with standard calibration solution(s);
3. 100 cm3 plas t ic vials with lids (pill vials);
4. Disti l led or deionized water; and
5. Vessel s for rinsing pH and conductivity probes.
3.0 TEST PROCREDURE
1. Calibrate pH and conductivity meters according to the m a n u f a c t u r e r ' s instructions.Record the calibration data on the laboratory test data sheet(s).
2. Fill a 100 cm3 vial one half f u l l with soil or waste rock particles. The sample used for

paste testing should, to the extent paractical, be composed of finer material. Ifpossible, avoid particles larger than approximate ly 1.25-cm O/a-inch) in diameter.
Place the soil or mine waste sample number on the vial with an indelible ink marker.
Reseal the bag from which the paste test sample was obtained.

3. Fill each vial to the top with d i s t i l l e d water.
4. Place the lid on the sample vial and agitate the mixture untill the sample is f u l l y

suspended.



5. Check to insure that a f t er mixing, the water level is within % cm of the top of the vial.Add more water if required and agitate the mixture.
6. Let the vial stand for at least one minute before testing.
7. Rinse the pH and conductivity probes in d i s t i l l ed water
8. Place the pH and conductivity probes in the free water in each vial and record the pH,conductivity and the sample number. Rinse the probes in di s t i l l ed water.
9. Where test values are observed to increase or decrease while the test probes are heldin the sample, allow the sample to stand and repeat the test readings af t erapproximately 5 minutes.
10. Rinse or replace the rinse water vessel and change the pH and conductivity probe

rinse water a f t er each 20 tests.
11. A f t e r 20 tests, place the pH and conductivity probes in the standard solutions and

record readings on the laboratory data sheets. If readings on the standard solutionshave dr i f t ed by more than 5 percent, recalibrate the probe, record the calibration data
and retest the last 20 samples.



Designation: D 2216 - 92

Standard Test Method forLaboratory Determination of Water (Moisture) Content of Soiland Rock1

Tte Moduli is issued under the f ixed damnation D 2216. the number immediately Iblbwisoncmal adoption or. in the case of icvnun, the year of last tvnaoa. A number in parenthesessupencnpl epulon (<) indicates an editorial dunce nnce the lad revision or respproval
the year ofihc year oThst respproval A

1. Scope
1.1 This test method coven the laboratory determinationof the water (moisture) content of soil, rock, and similarmaterials by mass. For simplicity, the word "material"hereinafter also refers to either soil or rock, whichever ismost applicable.1.2 The water content of a material is def ined by thisstandard as the ratio, expressed as a percentage, of the massof "pore" or "free" water in a given mass of material to themass of the solid material.1.3 The term "solid particles" as used in geotechnicalengineering is typica l ly assumed to mean naturally occurringmineral particles of soil and rock that are not readily solublein water. Therefore, the water content of materials con-taining extraneous matter (such as cement, and the like) mayrequire special treatment or a qualified def init ion of watercontent. In addition, some organic materials may be decom-posed by oven drying at the standard drying temperature forthis method (110*C). Materials containing gypsum (calciumsul fa t e dihydrate or other compounds having significantamounts of hydrated water) may present a special problem asthis material slowly dehydrates at the standard dryingtemperature (110'C) and at very low relative humidities,forming a compound (calcium s u l f a t e hemihydrate) which isnot normally present in natural materials except in somedesert soils. In order to reduce the degree of dehydration ofgypsum in those materials containing gypsum, or to reducedecomposition in highly organic soils, it may be desirable todry these materials at 60"C or in a desiccator at roomtemperature. Thus, when a drying temperature is used whichis d i f f e r e n t from die standard drying temperature as de f inedby this test method, the resulting water content may bed i f f e r e n t from standard water content determined at thestandard diving temperature.

NOTE 1 — T e n Methods D 2974 provides an alternate procedure fordetermining water content of peat materials.
1.4 Materials containing water with substantial amountsof soluble solids (such as salt in the case of marine sediments)when tested by this method will give a mass of solids whichincludes the previously soluble solids. These materials re-quire special treatment to remove or account for thepresence of precipitated solids in the dry mass of the
1 Thu method is under the jurisdiction of ASTM Committee D-18 on Sod andRock and ii the direct responsibility of Subcommittee Oil 03 on Texture.Haiucuy and Denauy Characieriuid of Soil sCurrent edition approved June IS. 1992. Published August 1992 Originallypublished as D 2216 - 63 T. Last previous edition D 2216 - 90"

specimen, or a qualif ied de f ini t ion of water content must kused.1.5 This test method requires several hours for proprdrying of the water content specimen. Test Method D464*.provides for drying of the test specimen in a microwave otnwhich is a shorter process.1.6 This standard requires the drying of material in voven at high temperatures. If the material being dr i ed«contaminated with certain chemicals, health and safa.hazards can exist Therefore, this standard should not trused in determining the water content of contaminated rahunless adequate health and sa f e ty precautions are taken.1.7 This standard does not purport to address all ofiksafety problems, if any. associated with its use. It u ik,responsibility of the user of this standard to establish appmprime safety and health practices and determine the aptfimbility of regulatory limitations prior to use.
2. Refe

2.1 ASTAf StandardsD 6 S 3 Terminology Relating to Soil, Rock, and ContainedF l u i d s 2

D2974 Test Methods for Moisture. Ash, and OrpnxMatter of Peat and Other Organic Sous2

D4220 Practice for Preserving and Transporting Sn1

Sample s 2

D4318 Test Method for Liquid Limit, Plastic Limit, uk!Plasticity Index of Soils 2

D4643 Test Method for Determination of Wain(Moisture) Content of Soil by the Microwave OwMethod 2

D47S3 Spec i f i ca t ion for Evaluating, Selecting, and Spwf y i n g Balances and Scales for Use in Soil and R°"Test ing 3

E 145 Spec i f i ca t ion for Gravity-Convection And Font*Ventilation Ovens1

3. Terminology
3.1 Refer to Terminology D 653 for standard definiu°B!

of terms.3.2 Description of Term Specific to This Standard-3.2.1 water content (of a mater ia l)—the ratio of the n*of water contained in the pore spaces of soil or rock maten4-to the solid mass of particles in that material, expressed *•percentage. ~*
2 Annual Book if ASTM Simutanli. Vol 04 01> Annual Book if ASTM Standards. Vol 14.02

294



I
4

I ;
I
I
I
I
I
I
I
I
I
I
I
I

I

fI
I

•SI) D2216
of Test Method

5 1 For many

I A test specimen is dried in an oven to a constant mass.loss of mass due to drying is considered to be water. Theis calculated using the mass of water and thespecimen.
U«*

materials, the water content is one of theindex properties used in establishing abetween soil behavior and its properties.5 j T n e water content of a material is used in expressing•he p*"** relationships of air, water, and solids in a givenfohove of material.5J In fine-grained (cohesive) soils, the consistency of aoven soil type depends on its water content The watergoBtetn of a soil, along with its liquid and plastic limits asdetermined by Test Method D4318. is used to express itsictaoVe consistency or liquidity index.

6.1 Drying Oven, thermostatically-controlled, pre ferablyof the forced-draf t type, meeting the requirements of Speci-fication E 145 and capable of maintaining a uniform temper-ature of 110 ± 5'C throughout the drying chamber.63 Balances—ML balances must meet the requirementsof Spec i f i ca t ion D4753 and this Section. A Class GP1balance of 0.0 Ig readability is required for specimens havings miss of up to 200 g (excluding mass of specimen con-tainer) and a Class GP2 balance of O.lg readability isrequired for specimens having a mass over 200 g.6.3 Specimen Containers—Suitable containers made ofmaterial resistant to corrosion and change in mass uponrepeated heating, cooling, exposure to materials of varyingPH, and cleaning. Containers with c lose-f i t t ing lids shall bewed for testing specimens having a mass of less than about100 g; while for specimens having a mass greater than about200 g, containers without lids may be used. One container isneeded for each water content determination.
Norc 2 — T h e purpose of dose-fining lids u to prevent loss of•ouaiR tram specimens before initial mass determination and to•""*"•' •BMrption of moisture from the atmosphere f o l l owing drying•• before f inal mass determination.

. 6.4 Desiccator—A desiccator cabinet or large desiccatorJ«*of suitable size containing silica gel or anhydrous calcium2™moate. It is preferable to use a dericcant which changes<nor to indicate it needs reconstitution. See Section IO.S.
NOTE 3—Anhydrous calcium situate u sold under the trade

B W f l l ' i e r Htm^^Hf Apparatus, gloves, tongs, or suit-for moving and handling hot containers af t er
&6 Miscellaneous, knives, spatulas, scoops, quarteringMOH|. sample sputters, etc, as required.

e preserved and transported in accor---- 4220 Groups B, C. or D soils. Keep thefro are stored prior to testing in noncorrodibie"ntainers at a temperature between approximately 3•nd in an area thai prevents direct contact with

sunlight. Disturbed samples in jars or other containers shallbe stored in such a way as to prevent or minimise moisturecondensation on the insides of the containers.7.2 The water content determination should be done assoon as practicable af t er sampling, especially if potent ial lyconodibk containers (such as thin-walled steel tubes, paintcans, etc.) or plastic sample bags are used.
8. Teat Specimen

8.1 For water contents being determined in conjunctionwith another ASTM method, the specimen mass require-ment stated in that method shall be used if one is provided. Ifno minimum specimen mass is provided in that methodthen the values given before shall apply.8.2 The minimum mass of moist material selected to berepresentative of the total sample, if the total sample is nottested by this method, shall be in accordance with thefol lowing:

Maximum putideme (100% Standard Sieve
Ma 10N a 42 mm or I475 ma9.3 ma19.0 ran37.5 ma7S.Omn I ' A m .J H O

i m e n f o r w t t e rcontent iBpoHBdto ±0.1 *
201100 gS O O g2.5kg10 kg50kg

lo ±1*
20 f20 fsag250 gI k g5 k g

NOTE—To be representative not less than 20 g shall be used.
8.2.1 If the total sample is used it does not have to meetthe minimum mass requirements provided in the tableabove. The report shall indicate that the entire sample wasused.8.3 Using a test specimen smaller than the minimumindicated in 8.2 requires discretion, though it may beadequate for the purposes of the test Any specimen used notmeeting these requirements shall be noted in the report ofresults.8.4 When working with a small (less than 200g) specimencontaining a relatively large gravel particle, it is appropriatenot to include this particle in the test specimen. However,any discarded material shall be described and noted in thereport of the results.8.5 For those samples consisting entirely of intact rock,the minimum specimen mass shall be 500 g. Representativeportions of the sample may be broken into smaller particles,depending on the sample's size, the container and balancebring used and to fac i l i ta t e drying to constant mass, seeSection 10.4.

9. Teat Specimen Selection
9.1 When the test specimen is a portion of a largeramount of material, the specimen must be selected to berepresentative of the water condition of the entire amount ofmaterial. The manner in which the test specimen is selecteddepends on the purpose and application of the test, type ofmaterial being tested, the water condition, and the type ofsample (from another test, bag, block, and the likes.)9.2 For disturbed J P T ^ such as trimmings, bag sam-ples, andjhe like, obtain the test specimen by one of the
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f o l l owing methods (listed in order of preference):9.2.1 If the material is such that it can be manipulatedand handled without nmiRrant moisture loss, the materialshould be mixed and then reduced to the required size byquartering or splitting.9.2.2 If the material is such that it cannot be thoroughlytniMH and/or spli t , form a stockpile of the fnatPr*aV mixingas much as possible. Take at least f ive portions of material atrandom locations using a sampling tube, shovel, scoop,trowel, or similar device appropriate to the maximumparticle size present in the material. Combine all the portionsfor the test specimen.9.2.3 If the material or conditions are such that a stockpilecannot be formed, take as many portions of the material aspossible at random locations that will best represent theire condition. Combine all the portions for the test

D2216
comtfliHt DB_otherwise specinev \«M. »..»/. *«». uui& iBqmnwi.constant mass will vary depending on the type ofsize of specimen, oven type and capacity, and
•MB • Ml m -* M -

specimen.9.3 Intact samples such as block, tube, split barrel, and thelike, obtain the test specimen by one of the f o l l ow ingmethods depending on the purpose and potential use of thesample.9.3.1 Care fu l ly trim at least 3 mm of material from theouter surface of the sample to see if material is layered and toremove material that is drier or wetter than the main portionof the sample. Then careful ly trim at least S mm, or afliieirnpfy equal to the maximum particle p** present, fromthe entire exposed surface or from the interval being tested.9.3.2 Shoe the sample in hal f . If material is layered seeSection 9.3.3. Then careful ly trim at least 5 mm, or athickness equal to the maximum particle size present, fromthe exposed surface of one h a l f , or from the interval beingtested. A void any material on the edges that may be wetter ordrier than the main portion of the sample.
NOTE 4-Mignmonrequire that the f u l l
9.3.3 If a layered material (or more than one material typeis encountered), select an average specimen, or individualspecimens, or both. Specimens must be properly identi f ied asto location, or what they represent, and appropriate remarkson data sheets.

10. 1 Determine and record the «"•« of the clean and dryspecimen container (and its lid, if used).10.2 Select representative test specimens in accordancewith Section 9.10.3 Place the moist test specimen in the container and. ifused, set the lid securely in position. Determine the mass ofthe container and moist material using a balance (See 6.2)selected on the basis of the specimen mass. Record thisvalue.
N O T E 5 — T o uxing yielding of incorrectresults, all containers, and lids if ued, ihouU be numbered and thecontainer numben shall be recorded on the Ubonttny data sheets. Thelid numbers should natch the container numben to etimin&tG confii-sun.NOTE 6 — T o assist in the oven-drying of huge lest specimens, theyshould be placed in containen having a large surface area (such as pans)and the material broken up into smaller aggregations.
10.4 Remove the lid (if used) and place the container withmoist material in the drying oven. Dry the material to a

nass. Maintain the drying oven at 110+sv-specif ied (see 1.3). The time requi^ J"^nass will vary depending on the type of ****icimen. oven type and canachv. and -.i.-"*8*
good judgment, and experience with thetested and the apparatus being used.

NOTE 7—In most casts, drymg a test spenmenmrcnu.bu.Lto 16 h) is su f f i c i ent In cases where there b doubt coaL!?*adequacy of drying, drying shouldbe continued until the d t a J S *
cant amount (less than about 0.1 *). Specimens of surf1*""~dried to constant mass in a period of about 4 h, when a taaAA *is used. •""••no-

NOTE 8 Since some dry materials may absorb nunsiiut (ramdried sperimtnt ri"«wiil be removed before ntaan.IB the same oven. However, mis would not be »!•* i
* • — — — B M M B I5 l a l B-|- l JfmmJt •MMMMMMM — — — S " ^_^_2_ £__ -• J . ^V^Hfc 'me prevtousry onea specanens wm remain in the drying ovts faperiod of about 16 h.

10.S After the material has dried to constant n^B ^the container from the oven (and replace the lid if'u^Allow the material and container to cool to room temper.ture or until the container can be handled comfortably «'bare hands and the operation of the balance win not rra f f e c t e d by convection currents and/or its being hereDetermine the mass of the container and oven-dried rnaurlusing the same balance as used in 10.3. Record this vahrTight f i t t i n g Uds shall be used if it appears that the spcnmris absorbing moisture from the air prior to determination.its dry mass.
NOTE 9-<^xuing in a desiccator uaccepnbtem place of u ih t f i i u ,l ids since it greatly reduces absorption of moisture from iheamnBV-during coaling especially for containen without tight f ining Kdi.

11. Calculation
11.1 Calculate the water content of the material as f»lows:

•» - RAY.. - M0V(Ma - MJ] x 100 - ̂  x 100

' water content, 96,• mass of container and wet specimen, g,= mass of container and oven dry specimen, g,™ mass of container, g,• mass of water (AT,, = M^ - M^), g, and! of solid particles (AT, * M^ - Mt), g.

WOdCZ

2r™
A f f

12. Report
12.1 The report (data sheet) shall include UK MI——-12.1.1 Ident i f i ca t ion of the sample (material) being tea*such as boring number, sample number, test numtfcontainer number etc.12.1.2 Water content of the specimen to the nearest Ior 0.1 96, as appropriate based on the minimumused. If this method is used in concert with another metho1

the water content of the specimen should be reported» *value required by the test method for which the *&content is being determined.12.1.3 Indicate if test specimen had a mass less than &minimum indicated in 8.2.
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if test specimen contained more than one
ied.etc.).the method of drying if d i f f e r e n t from.if any material (size and amount) wasgoo the tot specimen.

Statement on Bios—Then is no accepted referencetest method; therefore, bias cannot be deter-
^Statements on Precision:Eii Km^mjnwratar Preci.fgiemenis an i-recuiun.Single-Operator Precision—The single-operatorof variation has been found to be 2.7 percent.

Therefore, results of two properiy conducted tests by thesame operator with the same equipment should not beconsidered suspect unless they differ by more than 7.8percent of their mean.13.2.2 Multiloboratory Precision—The muttuaboratorycoe f f i c i ent of variation has been found to be 5.0 percentTherefore, results of two properly conducted tests by d i f -ferent operators using d i f f e r e n t equipment should not beconsidered suspect unless they differ by more than 14.0
DdGCDl 01 TuCaT

to*m*leuaoWlvTfl&rt»l*tMUMinpaiMonrupKllnaV»va*ret• Z » H i M h i M r f t i i f i t a ^ M t a f UtmaatttiltmmUvdn'Umnn'iFm***ml"1^"" ™ _._,_ • •_̂ _̂ _̂ __.̂ 1_̂ ^ ^^ ^ - _ — • _ ^̂ ^̂ _ ^«^ A i ^ b M f t f Mk^fr tf^aan f lawmisAidRlp^Mnya^ anrf t f » f t r t c T < i i n i > l g * i l i * » O ' « U C n n | B n H •wanw«flrin^oi«ni^(»»^^™]

.... ____cy, index property; laboratory, moistureanalysis; moisture content; soil aggregate; water content
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